Twin studies have contributed greatly to our understanding of the role of genetic factors in human development. To examine the generalizability of results from twin studies to the general population, there has been increasing interest in comparisons of twin and non-twin populations. In addition, comparisons of twins and comparable non-twins provide important information on whether the twinship context is developmentally adaptive or not. We report a study focused on effects of twinship on socioemotional behavior in early adolescence, comparing peer assessments made of twins to those made of same-aged and gendermatched singleton classmates.
Growing up as a twin is biologically and psychologically different from growing up as a singleton (Rutter & Redshaw, 1991) . First, twins have lower birthweights and suffer more from various adverse factors of pregnancy and delivery than do non-twins (Åkerman & Fischbein, 1991; Levy et al., 1996; Lytton et al., 1987; Moilanen & Rantakallio, 1989) . Second, twins create greater demands on their parents and must share their divided attention (Moilanen & Ebeling, 1998) ; among DZ twins, those enhanced parental demands are placed on mothers who, on average, are older than mothers of classmate singletons (Åkerman & Fischbein, 1991) . Third, inter-twin relationships may be characterized by co-twin dependence and dominance-submissiveness (Moilanen & Ebeling, 1998) . Too little is known about de-identification in identical and fraternal twin pairsa process whereby twins may develop characteristics to distinguish themselves from their co-twins (McCartney et al., 1990; McHale et al., 2001) .
The biological, social, and psychological differences between growing up as a twin and a singleton have been supposed, by some, to result in cognitive and socioemotional characteristics specific to twins. Most research has evaluated twin-singleton differences from a negative perspective, anticipating more maladaptive adjustment among twins. At one extreme, twinship, especially MZ twinship, was cast as a psychopathological situation, fostering vulnerability to psychopathology and deficits in cognitive and personality function (Jackson, 1960) .
Empirical evidence for such a view is negligible or nonexistent. Extensively studied cognitive differences between twins and singletons are restricted to verbal ability. Twins' overall academic competence, including nonverbal ability, does not differ from that of singletons (Lytton et al., 1987) , although it is well documented that twins, particularly twin boys, are more likely to be somewhat more disadvantaged in language development and in their later performance on verbal cognitive tasks than are singletons (Åkerman & Fishbein 1991; Lytton et al., 1987; Moilanen & Rantakallio, 1989; Rutter & Redshaw, 1991) . Some consider inferior language development of twins to be caused by perinatal morbidity (Lytton et al., 1987; Moilanen & Rantakallio, 1989) . At least in childhood, MZ twins are verbally inferior to DZ twins (Åkerman & Fishbein, 1991; Lytton et al., 1987) . It has been suggested that this difference relates to intrauterine damage in MZ twins (Lytton et al., 1987) . For example, MZ twins have been found to be more premature and smaller at birth than DZ twins (Loos et al., 1998) . Although Lytton et al. Peer Reports of Adaptive Behavior in Twins and Singletons: Is Twinship a Risk or an Advantage? (1987) have argued that twins overcome initial handicaps in their physical development, so that by age 9, their height and weight were indistinguishable from those of singletons, other findings (e.g., Pietiläinen et al., 1999) show differences in height and weight, particularly between MZ boys and singletons, persist into adolescence.
Verbal differences have been attributed also to postnatal environment and family interaction specific to the twin situation (Rutter & Redshaw, 1991) . Some twins develop a private communication system that may interfere with acquisition of expected language (Bishop & Bishop, 1998) . Private language, exclusive to co-twins and intended to exclude others, is infrequent (Thorpe et al., 2001 ) and typically of limited duration. But language deficits in twins might be associated with an increased risk of difficulties in other psychological functions (Rutter & Redshaw, 1991) . Rutter and Redshaw conclude that "the overall risk for socioemotional behavioural disturbance in twins is not much different from that found in singletons" (p. 892); yet, the assumption that increased pre-and perinatal risk among twins contributes to increased levels of behavior problems relative to singletons has gained some popularity among researchers (Gau et al., 1992; Gjone & Nøvik, 1995) . That assumption is called here "the psychopathological hypothesis". An alternative assumption is couched within the context of the favorable social environment twinship offers for development of socioemotional behavior, via interactions with, and social support of, the co-twin; that assumption is called here "the adaptive hypothesis".
No support for the psychopathological hypothesis was obtained by Lytton et al. (1987) in a small-scale follow up of 35 twin pairs from age 2 to 9; although twins at age 9 had lower verbal intelligence scores, they did not differ from singletons in teacher-rated characteristics or on an adjustment questionnaire. In fact, teachers rated twins (the means of twin pairs were used as the unit of analysis) slightly superior to singletons in peer relations. Nor was this hypothesis supported in a study of 2-to 3-year-old twins and singletons in the Netherlands (van den Oord et al., 1995) , a study on psychiatric disorders in Finnish adults (Moilanen & Rantakallio, 1989 , 1990 , or a Norwegian study by Gjone and Nøvik (1995) . Gjone and Nøvik (1995) used parental ratings on the Child Behavior Checklist (CBCL) to compare same-sexed twins (1832; aged 5 to 15 years) registered in the Norwegian Medical Birth Register with a general population sample from the city of Oslo and an area in Northern Norway. There was a slightly lower level of internalizing behavior among twins aged 12 to 13 years than in the general population; otherwise, results indicated few differences in the means of problem behaviors between twins and general population. Another observation was an increased variance of externalizing problems in twins. The authors assumed, consistent with their orientation toward the psychopathological hypothesis, that a biased selection of the general population sample from the urban area might explain the negligible differences found between twins and singletons: a higher proportion of the general population group came from urban areas, which may have been associated with a higher level of behavior problems compared to the twin group, which came more often from rural areas. Another explanation, based on differential response rates and favoring the adaptive hypothesis, might be plausible. The response rate of the general population sample was only 26.5% for the age group 12-13, whereas the response rate of twins was ~2 1 / 2 × higher (62.5%) in this age group. In both samples, children aged 12 years or above were encouraged to read the information and advise their parents whether they agreed to participate. Problem children in the general population may have been less likely to participate in the study than twin children, as indicated by their reduced variance for externalizing behavior compared to that found among twins. In this study, both same-sex co-twins were included in data analysis; OSDZ twins were excluded.
In contrast, Levy et al. (1996) observed a higher rate of ADHD (attention deficit-hyperactive disorder) in male Australian twins than in their siblings, and conduct disorders were over-represented in twin populations according to findings by Simonoff (1992) in the United Kingdom Further, Gau et al. (1992) reported small but consistent differences between normative data on singletons and maternal parent ratings on twins aged 12 to 16 years, both in internalizing and externalizing behaviors -twins receiving higher scores; for twins aged 6 to 11 years, differences existed in externalizing problems only. In this study (1824 twins from the Virginia Twin Registry), one twin from each pair was excluded from data analysis; results were not presented separately for males and females. One could interpret the findings as consistent with the psychopathological hypothesis. However, the response rate to the mailed questionnaire was only 44%. In the normative sample used for comparison, the response rate to a door-to-door interview request, was much higher (82.3%). Perhaps female guardians of twins were selectively responding to the research invitation, and guardians experiencing more difficulty with the twins' behaviors were relatively more inclined to report about them.
In most previous comparisons of twins and singletons, twins were not separately classified by both gender and zygosity. Most frequently, differences between monozygotic (MZ) and same-sex dizygotic (DZ) twins, collapsed on gender, have been evaluated; results include a finding that among twins referred to psychiatric treatment, both samesex and opposite-sex DZ twins received a diagnosis of conduct disorder more often than did MZ twins (Simonoff, 1992) . However, Van den Oord et al. (1995) found that 3-year-old DZ twins had lower maternal ratings of oppositionality, overactivity, anxiety and sleep problems than MZ twins and singletons. These differences were at least partly attributed to the higher age of the mothers of the DZ twins than those of MZ twins. Comparisons of the similarity of MZ and SSDZ twin pairs for a trait lies at the heart of the classical twin study (Neale & Cardon, 1992) used to estimate the genetic contribution to interindividual variability in behavior. The classical twin study relies on several assumptions, one of which is that the two types of twins represent the same base population. Support for this assumption is found if the means and variances of MZ and SSDZ pairs do not differ. However, twin researchers have not always made this evaluation, nor considered it necessary to carry out simultaneous comparisons with singletons.
Opposite-sex DZ twins differ from MZ twins and same-sex DZ twins in their socialization experiences. OSDZ twins have more frequent interaction with, and opportunities for social imitative learning from, an opposite sex sibling than do SSDZ and MZ twins. Current evidence from non-twin families suggest sex-typed effects from an older sibling (McHale et al., 2001) . In preschool children, girls and boys with an older brother were both more masculine and less feminine. An older sister made boys more feminine and girls less masculine without affecting masculinity in boys and femininity in girls (Rust et al., 2000) . Studies of influence processes between the sexes among preschoolers report that boys resist influence from same-age girls, while girls are more open to influence from same-age other children of both sexes (Maccoby, 1998) . Thus, postnatal socialization effects may not occur with equal likelihood from sister to brother as from brother to sister, as Koch (1966) suggested in her pioneering study.
Hormonal transfer in utero (Miller, 1994 (Miller, , 1998 ) has been suggested, as well. Miller (1998) reviewed evidence from animal and human studies that both androgenization of a female fetus and estrogenization of a male fetus are possible. Androgenization effects, which might masculinize OSDZ girls, have received more attention, given the premise that the basic mammalian pattern is female: a fetus develops as a female unless exposed to testosterone. Animal studies suggest, however, that prenatal exposure to female hormones can affect the brain, which implies "that human development may be affected by prenatal exposure to female hormones" (Miller, 1998, p. 32 ). Miller's conclusion is that hormone exposure affects "the organization of the brain and its ability to display male or female typical abilities and behavior" (p. 56).
Small sample studies have suggested such directional effects among OSDZ females in personality (Resnick et al., 1993) , spatial ability (Cole-Harding et al., 1988) , and social attitudes (Miller & Martin, 1995) . And there is suggestive evidence that OS female twins do better in mathematics, but worse in perceptual speed and school achievements, than do SS female twins (reviewed by Miller, 1998) ; the same review suggests that OSDZ males are higher in school achievements and lower in motor coordination than other males. These patterns follow typical male-female differences and could, of course, arise from socialization, rather than hormonal effects. With a normal sample of 3-to 8 year-old children, Henderson and Berenbaum (1997) were not able to demonstrate that OSDZ girls spend more time with boys' toys than do SSDZ girls or girls with an older brother. Nor were differences found in play preferences made by gender-matched twins from sameand opposite-sex DZ twin pairs, ages 7-12 (Rodgers et al., 1998) . Similarly, Rose et al. (2002) found no evidence of either androgenization or cross-sex socialization in analyses of pubertal development (783 OSDZ females), attitudes associated with femininity (1903 OSDZ females), or recorded fertility/fecundity (4767 OSDZ females) in Finnish female twins. If there are masculinization or femininization effects, they may be trait-and age-specific, or manifested only in clinical samples, such as in girls exposed to high levels of androgen because of congenital adrenal hyperplasia (Berenbaum & Hines, 1992) .
So, firm conclusions about differences between twins and singletons, or between twins differing in zygosity and gender, are difficult to draw. There are serious constraints in some of the previous studies, including: (1) failure to consider both zygosity and gender, (2) low response rates and consequent self-selection, (3) biased comparison groups, (4) non-representative clinical populations, (5) small samples of OSDZ twins or their complete exclusion, (6) twin-singleton comparisons limited to problem behaviors while ignoring possible differences in adaptive behaviors, and (7) reliance on parental ratings for the comparison of social behavior among twins and singletons.
The present study aimed to overcome these constraints. We compared non-twins with twins who were ascertained from Finnish population-based samples (Kaprio et al., 1990) ; we considered both zygosity and sex of the co-twin; we formed the non-twin comparison group from all classmates of all twins in our study, and we sampled > 1000 school classrooms across Finland; among the variables assessed, we included adaptive socioemotional behaviors, as well as externalizing and internalizing problem behaviors; finally, we used a peer nomination technique for data collection (Pulkkinen et al., 1999) . The twins and their non-twin classmates were 11 to 12 years of age.
The psychopathological hypothesis, that there are more problem behaviors among twins than non-twins, has received little consistent support in the research literature, and we expected no differences between twins and nontwins in externalizing or internalizing behaviors. In contrast, in the context of "the adaptive hypothesis", we expected that twins benefit from socialization effects experienced with their co-twin, and that expected benefit to be evident in twins' receiving a higher peer-nominated level of adaptive behavior than that attributed to classmate singletons. Socialization effects are not limited to adult-child interaction (Maccoby, 2000) , and twins' reciprocal interactions may differ in same-sex and opposite-sex twin pairs; accordingly, singletons were compared with twins grouped by zygosity and by sex of the co-twin, not only with twins in general. The socialization effect was expected to be found in both genders, although we assumed that males would generally exhibit more externalizing behavior than females who, in turn, would display more adaptive behavior than males -a consistent finding in the research literature (Zoccolillo, 1993) . Gender differences in internalizing behavior were not expected, because our sample children were in a prepubertal period of development, when gender differences in depression are not commonly found (Hankin et al., 1998; Wichstrom, 1999 ; for a review, see Keenan & Shaw, 1997) .
Another goal of the study was to test the classical twin study assumption that MZ and SSDZ twins are equivalent in peer-rated levels of adaptation. Finally, it was expected that cross-sex socialization effects (or, less likely, hormonal transfer effects) might be found. Because girls are more interested in boys' games than are boys in games that are stereotyped as feminine (Maccoby, 1998, p. 45) , we expected this effect to emerge in higher externalizing behavior among OSDZ girls than among SSDZ girls. A higher level of adaptive behavior in OSDZ boys compared to SSDZ boys would suggest cross-sex socialization effects, as well. Consequently, gender differences were assumed to be smaller among opposite-sex twins than among same-sex twins and singletons.
Materials and Methods

Participants
The present study was part of an ongoing Finnish twinfamily study (FinnTwin 12) of behavioral development and health habits of five consecutive and complete birth cohorts of 12-year-old twin children (Pulkkinen et al., 1999; Rose et al., 2001 ). All families with twins born 1983 through 1987 were identified from the nation's Central Population Registry as part of Finnish Twin Cohort studies (Kaprio et al., 1990) . Of all twin families contacted across the five birth cohorts, 87% consented to participate. Permission to contact schools to carry out school-based assessments was obtained from parents in 93% of these families, and 99% of the school principals gave permission to conduct assessments at school using peer nomination techniques. Although participation rates are very high, nonparticipation may, as always, be nonrandom, but we have evaluated effects of nonparticipation and found them to be negligible (Rose et al., 2001) .
From each birth cohort, a subsample (comprising about 40% of all participant twins) was chosen for intensive study. Each subsample was formed in two steps: a sample was chosen randomly from all eligible families throughout the entire country; then that random sample was enriched by adding all remaining twin pairs for whom one or both parents exceeded a cut-off score on an 11-item alcohol dependence screening test (adapted from the Malmö-Modified Michigan Alcoholism Screening Test, MmMAST; Kristenson & Trell, 1982) . Possible biasing effects of this enriched sampling on twin-singleton comparisons are discussed in the context of our presentation of results. Randomly-sampled twins comprise ~60% of the intensively-studied subsample.
The data for the present study consisted of peer nominations made in the school classes of twins who were in this intensively-studied subsample. Data were collected annually during a brief time window, in the early months of each year in which participant twins, in successive birth cohorts, reached age 12. Finnish children start school in the fall of the year in which they reach age 7 years. Failure to be advanced to the next grade is rare in Finnish schools, so classes are very homogeneous for pupils' age. All twins and nearly all their classmates were 11 to 12 years old.
A total of 1874 twins, 913 girls and 961 boys, participated in this study. They were divided into five zygosity groups: 344 monozygotic (MZ) girls, 343 monozygotic boys, 280 same sex dizygotic (SSDZ) girls, 330 same sex dizygotic boys, 289 opposite sex dizygotic (OSDZ) girls, and 288 opposite sex dizygotic boys. The zygosity of the twins was determined from their perceived similarity and confusability of appearance, as reported by the twins and
109
Twin Research April 2003
Twins and Singletons their parents in separately mailed questionnaires. Further information for determination of zygosity was based on photographs, parental interviews, and placental information supplied by the parents. The questionnaire items have been validated against blood-typing (Sarna et al., 1978) . In some cases, zygosity could not be assigned because of missing or ambiguous information; those pairs were excluded from our analyses.
In Finnish culture, twin children are usually placed in the same classroom; in this sample, both co-twins from 90% of all participating twin pairs were in the same class. The participant twins were enrolled in 1002 different classrooms, and over the 5-year assessment period, peer nominations were conducted in each of them. The mean class size was 25 students. The studied twins had 23,200 classmates, 11,297 girls and 11,903 boys. All who attended school, on the day the peer-nomination was conducted, participated in it.
Peer Nomination
The multidimensional inventory of children's socioemotional behavior used in this study was developed for peer nomination (MPNI; the Multidimensional Peer Nomination Inventory) with parallel Teacher Rating and Parental Rating Forms (Pulkkinen et al., 1999) . The MPNI included 30 items. Core items of the MPNI were developed by Pulkkinen, in the long-term Jyväskylä Longitudinal Study of Personality and Social Development (Pulkkinen, 1982 (Pulkkinen, , 1998 , to represent a model for emotional and behavioral regulation (Pulkkinen, 1995) . Items for the assessment of four behavioral types -aggressive, anxious, constructive, and compliant behavior -were included in the inventory. These behavioral types were defined in a framework model by two orthogonal dimensions: low versus high self-control of emotions and social activity versus passivity. Aggression and anxiety have in common low self-control of emotions; constructive and compliant behavior have in common high self-control of emotions. Both aggressive and constructive behaviors are socially active; anxious and compliant behaviors passive. The item content was enriched by additional items for low self-control of emotions: attention-deficit/ hyperactivity disorder and depressive symptoms (American Psychiatric Association, 1994, Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition; Rutter et al., 1981; Achenbach, 1991) for the representation of externalizing and internalizing problem behaviors.
Peer nominations were made in classroom settings, under the supervision of research staff. Each pupil was given a pad containing 32 pages, corresponding to the MPNI items. Every page included the first names of all classmates, divided by gender and presented in alphabetical order. Each MPNI question (e.g., "Which of your classmates are shy with others?") was read aloud by the staff researcher, and the pupils were asked to respond, for each item, by crossing out names of up to three female and three male classmates who best fit the described behavior. The respondent was not allowed to choose his or her own name, with the exception of the first practice question. Two items were used to practice the method at the beginning ("Who are you?", and "Which of your classmates are absent from school today?").
Each pupil in the class received a certain number of nominations, and for each item, the nominations received by each pupil were expressed as a percentage of the maximum possible number.
Variables
Socioemotional behavior. The MPNI items are listed in an earlier publication in this journal (Pulkkinen et al., 1999) . A factor analysis (principal axis method and varimax rotation) yielded three factors (Pulkkinen et al., 1999) . The first factor was defined by items for three subscales: hyperactivity-impulsivity, aggressive behavior, and inattention. Items for compliant behavior loaded negatively on this factor. The first factor describes poor control over behavior which causes social problems by violating social order or other people's rights. It was identified as Behavioral problems (Pulkkinen et al., 1999) , and is here named Externalizing Problem Behaviors.
The second factor was defined by items for two subscales: depressive symptoms and social anxiety. Negative loadings were obtained on the items for socially active behavior. The factor was identified as Emotional Problems (Pulkkinen et al., 1999) , and is here called Internalizing Problem Behaviors.
The third factor was defined by items for three subscales: constructive behavior, compliant behavior, and socially active behavior, the latter covering leadership, popularity, and interaction with other children. The third factor describes well-adapted, resilient behavior which is characterized by strong control of behavior and emotions. It was identified as Adjustment (Pulkkinen et al., 1999) , and is here named Adaptive Behaviors. It is to be noted that, although markers of weak self-control of emotions divided into two factors (Externalizing and Internalizing Problem Behaviors), the markers of strong self-control of emotions formed one factor in this context of items. Discriminations made between individuals in adaptive behaviors are more diffuse than in problem behaviors. However, a factor analysis limited to the items describing adaptive social behavior resulted in separate components for socially more active constructive behavior and socially more passive compliant behavior (Pulkkinen et al., 1999) .
For data analysis, unweighted composite (mean) scores were formed for each subscale of the three factors, and summed scores of the subscales for each factor. Cronbach's alphas, obtained separately for females and males were satisfactory.
Data Analysis
The comparisons of the twins and singletons were made in peer-nominated socioemotional characteristics, separately for males and females, because it was known that there are gender differences in socioemotional behavior (Pulkkinen et al., 1999) . For individual level analyses, data from one co-twin, randomly chosen from each same-sex twin pair, was combined with data from male and female twins from opposite-sex pairs; this procedure yielded a sample of 601 girls and 624 boys born 1983 to 1987, and this sample is the focus of our analysis. These twins had 11,297 female and 11,903 male classmates. This data set of 1225 individual twins and 22,200 classmates forms Data Set I, the focus for our primary analyses. Table 1 shows the distribution of these twins by zygosity groups.
Comparisons were made using t test if only two groups were contrasted: twins versus singletons, females versus males, MZ versus DZ twins, and OS twins versus SS twins. Two-way, gender (males, females) × grouping (MZ, SSDZ, OSDZ, singletons) ANOVAs were computed for each scale to detect main effects and interactions of gender and grouping. Post hoc comparisons were made by Tamhane when the variances were unequal (which occurred in most cases when the means differed) and Scheffe when the variances were equal. Analyses were made using the SPSS program package.
In comparisons of all twins and all singleton classmates, made separately for boys and girls, the N was sufficient to detect even small (p < .05) differences (power .95 for data set I). In the comparison of zygosity groups, the number of participants was smaller for MZ and SSDZ twins than for OSDZ twins, because only one twin from the same-sex pair was included in the sample. The sample sizes were sufficient for detecting average (p < .01) and strong (p < .001) effects (power .90 for MZ and SSDZ twins and .95 for OSDZ twins), but the sample sizes were not sufficient for detecting small effects except for OSDZ twins in Data Set I (power = .90). Consequently, only differences exceeding p < .01 significance level were considered. The means and standard deviations of peer nominations for all twins, for twins grouped by zygosity, and for all singleton classmates, are presented for females in Table 2 and males in Table 3 .
Gender Differences
Gender differences among twins and singletons were compared using t tests (Table 4) . When twins were combined across zygosity groups, gender differences were similar within samples of singletons and twins. As expected, boys displayed higher levels of peer-nominated Externalizing Problem Behaviors than did girls, and that difference was evident both among singletons and the sample of all twins collapsed on zygosity. These differences existed in all subscales, as well: hyperactivity-impulsivity, aggression, and inattention. Among twins, boys exceeded girls in Externalizing Problem Behaviors more consistently among MZ twins than among DZ twins. Gender differences also existed in Internalizing Problem Behaviors, with twin and singleton girls exceeding comparison groups of boys in both subscales: depressive symptoms and social anxiety. For twins, these differences were most significant and consistent among SSDZ twins. Girls were also higher in Adaptive Behaviors than boys. This difference was found in subscales for constructive and compliant behavior, but not in socially active behavior. Overall, the smallest and least consistent gender differences were obtained among OSDZ twins.
Group Differences
Twins versus singletons. When all twins (separated by gender, but combined across zygosity) were contrasted with singleton classmates, the most significant difference existed in socially active behavior. Twins exceeded singletons in sample contrasts of both females and males (Tables 2 and 3 ). Female twins were higher than female singletons in constructive and compliant behavior, as well, and consequently female twins exceeded female singletons in the Factor Scale of Adaptive Behaviors. Among males, twins were also given higher peer ratings than singletons in Adaptive Behaviors, a function of differences in socially active behavior. Two additional trends were obtained: male twins were lower in depressive symptoms than singletons, and male and female twins were lower in inattention than singletons. Zygosity groups versus singletons. Main effects of grouping in the two-way gender x grouping (MZ, SSDZ, OSDZ twins, and singletons) ANOVAs were revealed as group differences in socially positive behavior. Significant grouping effects were obtained for Adaptive Behaviors, F(3, 3130) = 14.97, p < .001, and for its two subscales: constructive behavior, F(3, 3130) = 10.45, p < .001 and socially active behavior F(3, 3130) = 2.70, p < .044. One-way ANOVAs, conducted separately for females and males (Table 5 ) revealed several findings. First, MZ and SSDZ twins did not differ in any scale. Second, OSDZ females exceeded all other female twins and singletons in socially active behavior. Additional one-way ANOVAs on the items comprising this scale revealed that OSDZ females were rated higher than MZ and SSDZ females and female singletons in leadership, and higher than female singletons also in popularity and interaction with other kids. Third, OSDZ and SSDZ males exceeded male singletons in socially active behavior. Additional one-way ANOVAs on the item level of this scale showed that SSDZ, MZ and OSDZ males were rated higher than male singletons in interaction with other kids; SSDZ and OSDZ males were rated higher than male singletons in popularity; and OSDZ males were rated higher than MZ males in leadership. Fourth, OSDZ males exceeded SSDZ males in compliant behavior and both SSDZ and MZ males in constructive behavior. OSDZ males reached the mean level of females in constructive behavior (cf . Tables 2 and 3 ). Fifth, due to differences in subscales, OSDZ males and females were rated higher than singletons in Adaptive Behaviors. There was also a trend that OSDZ females exceeded MZ females in Externalizing Problem Behaviors and in all of its subscales. In hyperactivity-impulsivity and aggression, OSDZ females reached the male level. 
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Twins and Singletons
MZ and DZ Twins Contrasted
To test a central assumption of the twin method, namely that standardized assessment of behaviors of MZ and DZ same-sex twins do not differ, peer nominations of these zygosity groups were contrasted by t test, separately for each gender. The twin study assumption was confirmed. At the p < .01 level, there were no consistent differences between MZ and SSDZ females or between MZ and SSDZ males.
OSDZ and SSDZ Twins Contrasted
To test hypotheses arising from cross-sex socialization (or in utero hormonal transfer), twins from opposite-sex DZ pairs were additionally contrasted by t test with gendermatched twins from same-sex DZ pairs. For females, t tests revealed that OSDZ females were higher (p < .01) than SSDZ females in socially active behavior. For males, the comparisons showed that OSDZ males were higher than SSDZ males in compliant and constructive behavior (p < .01 for both variables) and consequently, in Adaptive Behaviors (p = .018), but they did not differ in socially active behavior. Additionally, OSDZ males were higher than SSDZ males in depressive symptoms (p = .003).
Cautionary Comments and Secondary Analyses
These analyses, based on our complete data (Data Set I) from twins and their non-twin classmates, suggest not only that twinship is not a risk factor for development, but intriguingly, that it may constitute an advantage. However, several cautionary comments about these analyses are necessary, and we address these in question/answer format with results obtained from a series of secondary analyses. 1. Are these results biased by inclusion of the twins' own peer nominations? Our procedure was designed to disguise the fact that classrooms were selected for the peer nomination exercise because they contained twin students. Accordingly, no mention was made of the fact that a given classroom included a twin or a twin pair, and twins were neither excluded from participating in peer nominations nor in being the object of nominations made by their classmates. But given that our results suggest that twins are more popular and more socially competent, a critical question is whether the results are favorably biased by permitting a twin to participate in the peer nominations and thereby nominate his or her co-twin. Twins frequently nominate their co-twins as their best classmate friend (Rose, 2002) , and no doubt, attribute to their co-twins desirable behavioral characteristics. Accordingly, in the first of several secondary analyses, we excluded the twins' own peer nominations from data collected from two birth cohorts (1986 and 1987) and attempted to replicate the results reported for the full data set. This secondary analysis (of Data Set II) was made of 578 twins (274 girls, 304 boys), and included 66 FMZ, 67 SSDZ, and 141 OSDZ twin girls, and 82 MZ, 81 SSDZ, and 141 OSDZ twin boys. The female twins were compared to 5059 female classmates and the twin boys to 5302 classmate boys as shown in Table 1 .
The pattern of results comparing all twins and twins grouped by zygosity to sex-matched classmates is very comparable for Data Set II, the subsample in which the twins' own peer nominations are excluded (Tables 6 and 7 ). In contrasts of female twins to female classmates, every comparison found significant in the full sample (Data Set I, shown in Table 2 ), replicates in the subsample, although, given the smaller size of the subsample, significance levels are usually decreased. And, with a single exception, the same is true for the comparison of male twins to their classmates. Analyses based on the subsample from which the twins' own peer nominations are excluded, fully replicate the results on the full sample with, again, slightly reduced significance levels. The single difference in the mean of all male twins compared to all male singletons is for constructive behavior, where as shown in Table 3 , singleton classmates had a lower mean in peer nominated behavior than twins with p < .05; that difference fails to achieve significance in the smaller subsample of Data Set II, in which nominations by the co-twin were excluded. 2. Is the twin sample biased by over-sampling for familial alcoholism risk? The questionnaire completed by twins' parents included the Malmö-Modified Michigan Alcoholism Screening Test (MmMAST; Kristenson & Trell, 1982; Seppä, 1990) , augmented with two additional items to enhance its association with interview diagnoses. Sum scores of the 11 dichotomously-scored items were obtained for each mother and father. Parents' scores on the alcohol dependence screening test (MmMAST) were correlated with scores in peer nominations given to one co-twin, randomly chosen from each pair. The product moment correlations between mothers' MmMAST scores and twins' peer-nominated behaviors ranged from -0.08 (compliance and anxiety) to 0.08 (aggression and impulsivity); those between fathers and twins ranged from -0.10 (compliance) to 0.08 (impulsivity). Thus, to no surprise, there were systematic trends that parental drinking was negatively related to highly controlled compliant behavior and positively related to undercontrolled impulsive behavior in twin children. That implies that in the enriched twin sample, the means on aggression and impulsivity might tend to be higher than in the population. But, we note that, although these correlations reached statistical significance due to the large number of participants, they explained but a negligible portion of variance (1% or less), and sampling had little effect on twin-singleton comparisons.
Does maternal age explain twin-singleton differences?
Prior studies have shown that parents of DZ twins are older than parents of singletons (Åkerman & Fishbein, 1991) , and that maternal age is negatively related to behavioral problems (Orlebeke et al., 1998) . The age of the twins' mothers was obtained from the Central Population Register and confirmed in a mailed questionnaire which the mothers filled in and returned by mail. The singletons in our study were anonymous and, therefore, the ages of their mothers were not known. However, the mean age of the mother for children born in the corresponding years of the 1980s has been recorded in Statistics Finland's official statistical tables (2001), and this was used for comparison. As expected, mean age of the mothers of our MZ twins (28.8 yrs) did not differ significantly from the mean age of mothers for all children born in the 1980s (28.6 yrs; Finland, 2001) . Again as expected, mothers of our same-sex DZ twins (29.9 yrs) and mothers of our oppositesex DZ twins (30.2) were significantly (about one and half year) older than the mothers in general, and likewise, the mothers of the DZ twins were significantly, F(2, 2481) = 19.08, p = .000, older than the mothers of MZ twins. We estimated the effect of maternal age on children's socioemotional behavior by calculating Spearman correlations between age of the mother and one of her (randomly chosen) twin's socioemotional characteristics. No significant correlations (at the p < .01 level) were obtained for girls, but there was a trend for older mothers to have more compliant daughters (.14, p < .05). For MZ and SSDZ males, mothers' age correlated with compliant behavior (.20 and .22, respectively, p < .01). For OSDZ males, there were several significant correlations: mothers' age correlated with compliant (.20, p = .001) and constructive (.17, p = .003) behavior, and consequently, with Adaptive Behaviors (.16, p = .007). There was also a trend that mothers' age correlated negatively with aggressive behavior (-.15, p = .009) and other subscales of Externalizing Problem Behaviors (p < .05). For anxiety, the correlation was positive (.14, p = .018); for depressive symptoms, it was not significant. 4. Does the extremely large singleton sample inflate singleton-twin differences? To reduce the effect of the size of the singleton sample and the influence that a large singleton sample might exert on statistical tests comparing twins to singletons, we created a random sample of singletons approximately equal in size to the sample of individual twins. The procedure was to divide the entire data into two groups, twins and their singleton classmates and then create a randomization procedure among both classmate and twin samples. The randomization was made by calculating a random variable with uniform distribution in each of these two groups, to ensure that every individual case had the same probability of being selected into the new subsamples. Among twins, this ensured that the twin retained in comparisons involving same-sex twin pairs was chosen (again) at random; among singletons, the procedure ensured that each classmate had an equal probability of being selected into the random subsamples. The actual composition of these randomly-generated subsamples of classmates are shown in Table 1 . The overall results, in contrast of singleton classmates with twins after controlling for inflation of the significance of findings due to the large number of singletons, is that significant contrasts were confirmed. Additionally, analyses were made in the data set restricted to twins born in 1986 and 1987 from which nominations made by the twins were excluded in order to eliminate effects from the data of the twins' own nominations. For this data set, as well, results were confirmed with a random sample of singletons, and with little change in the pattern of significant findings.
Statistics
Discussion
A fundamental assumption of the classical twin study was confirmed: MZ and same-sex DZ twins represent the same base population. We found no significant differences between these groups of twins in peer-assessed socioemotional behavior. That is an important finding, consistent with results of self-reported personality assessments of adult twins (Johnson et al., 2002) . But we did find some differences between twins and singletons, and most interestingly, these differences were consistent with the hypothesis that twinship has a positive impact on behavioral development. Most prior research has approached possible differences between twins and singletons from a psychopathological perspective, assuming that the context of twinship leads to deficits in cognitive (particularly, language) development and are associated with an increased risk in other psychological functions. Our results offer no support for this psychopathological hypothesis. There was no significant difference in any subscale, nor even any trend, showing that twins were rated higher than singletons in peer-assessed Externalizing or Internalizing Problem Behaviors. This was not an artifact of statistical power, because the sample sizes were sufficient for detecting even small differences. If there were differences, the trend was against the psychopathological hypothesis: male singletons were higher in depressive symptoms than male twins, and male and female singletons were higher than twins in inattention.
The alternative, adaptive hypothesis, was supported by evidence that twins received higher scores than singletons in Adaptive Behaviors, and particularly in the subscale, socially active behavior. Closer examination of the means of twins classified by zygosity revealed that this difference was due to OSDZ twins, who exceeded singletons in those behaviors. Had OSDZ twins not been included in the study, differences between twins and singletons would have been negligible. Our evidence that twinship may offer an adaptive context for behavioral development during childhood, a novel and perhaps surprising result, is evidence from population-based ascertainment in which brothersister twin pairs constitute nearly one-third of our studied twin sample.
The mothers of DZ twins were older than mothers of non-twins matched for birth cohort. This age difference could not, however, account for the most consistent mean difference in socioemotional behavior between the twins
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Twins and Singletons and singletons. That difference was in socially active behavior, for which there was no significant correlation obtained in any group or gender between maternal age and children's behavior. DZ twins, and OSDZ twins particularly, were more socially active than singletons. In OSDZ females, high leadership was the most distinctive characteristic as compared with other twins and singletons. For male twins, popularity and interaction with other kids were more characteristic than for singletons. Differences were smaller in leadership.
Leadership is generally seen as indicating dominance more typical of males than females, but in the present study, singleton boys and girls did not differ in leadership. The higher leadership skills of OSDZ females may stem from their experience with managing both their own (female) peer group (as do singletons and SS twins) and more male peers than otherwise (through interactions with their male co-twins). Differences among OSDZ females were seen in their higher scores in hyperactivity-impulsivity, aggression, inattention, and Externalizing Problem Behaviors in general compared to MZ females. In contrast, OSDZ males were higher than other male twins, particularly SSDZ males, in compliant and constructive behavior, as well as in depressive symptoms, which were more typical of girls than boys. The mother's age, which correlated with the son's compliant and constructive behavior, could not account for the mean differences in compliant and constructive behavior, because both the mothers of OSDZ and SSDZ males were older than the mothers of MZ twins and mothers for children born in the 1980s which was used as an approximation of the age of the mothers of singletons.
Despite their different gender, OSDZ twins were much alike in the mean level of their characteristics. These results are in line with those by Rust et al. (2000) who found among siblings that having an older brother was associated with more masculine behavior in girls, and having an older sister was associated with more feminine behavior in boys.
Gender differences among singletons and all twins combined were traditional (Kavannagh & Hops, 1994; Zoccolillo, 1993) . Boys exceeded girls in Externalizing Problem Behaviors, and girls exceeded boys in Adaptive Behaviors. Unexpectedly, girls also exceeded boys in Internalizing Problem Behaviors. The participants were only 11 to 12 years old, and, therefore, gender differences were unexpected. Nolen-Hoeksema and Girgus (1994) concluded on the basis of their review that "There are no gender differences in depression rates in prepubescent children, but, after the age of 15, girls and women are about twice as likely to be depressed as boys or men" (p. 424). In the present study, peers rated girls as displaying both more depressive symptoms and more social anxiety than boys at ages 11 to 12. As noted by Nolen-Hoeksma and Girgus (1994) , most of the prior studies of gender differences in depression and related variables have relied on the selfreports of children and adolescents. They speculate that children may not be able to assess their emotional behavior accurately, and that mothers ratings which have also been used for the assessment of depressive symptoms, may, likewise, be biased. Kessler et al. (2001) also pay attention to inconsistent symptom reports obtained from parents, teachers, and children. In the present study, peer nominations were used for the assessment, and gender differences appeared consistently.
Gender differences in zygosity groups suggest that twinship forms a different growing environment for OSDZ, SSDZ, and MZ twins. As noted above, gender differences were smallest among OSDZ twins. An interesting pattern of gender differences was obtained for MZ and SSDZ twins. In Externalizing Problem Behaviors, only MZ males and females differed from each other, and in the Internalizing Problem Behaviors, only SSDZ males and females differed from each other. The explanation should be sought in socialization effects, because prenatal hormonal conditions should be rather similar for MZ and same-sex DZ twins. It may be possible that MZ males and females, respectively, encourage similarity in their behaviors as regards aggression and related behavioral problems (or lack of them) within their close and intimate interaction of twinship. The MZ twin pairs also give support to each other which may protect MZ girls against early emotional problems. Among SSDZ twins, twin sisters and twin brothers, respectively, are not as much alike as among MZ twins. Competition and frequent encounters between twins may cause similarity in boys' and girls' externalizing behaviors. SSDZ girls may also be more vulnerable to emotional problems than MZ girls, if there is less support from the co-twin. For Adaptive Behaviors, gender-typical differences were obtained in constructive behavior both among MZ and same-sex DZ twins.
Results of the present study should be robust, for the samples were large and participation bias modest. Compared to the two large-scale studies by Gau et al. (1992) and Gjone and Nøvik (1995) , attrition among twins was smaller (in the present study 87% of the parents responded to the contact letter, and 93% of them gave the permission to conduct the assessments at school), and both same-sex and opposite-sex twins were included in the study. Participating and non-participating families did not differ in key demographic characteristics. Comparisons were made separately for each zygosity group and for males and females because both grouping (twinship and zygosity together) and gender had significant main effects on findings. There was no attrition among singletons because all classmates participated in peer nomination. Absence from school did not affect the results, since all classmates were listed in the nomination technique, although of course, the absent student did not participate in the ratings. Peer nominations were collected in over 1000 school classes around the country. Consequently, the number of singletons was very high (23, 200) . Since the twin pairs were mostly in the same class, only one randomly selected twin was included in data analysis, and findings were controlled with a subsample in which nominations made by twins were excluded. Furthermore, peer nomination used in the present study was not biased by child rearing history, as may be true of parental ratings.
The twin sample of the present study was enriched by sampling for families on lifetime parental drinking history. Parental drinking correlated very modestly with children's externalizing behaviors and explained less than 1% of variance. Furthermore, since twins did not differ from singletons in externalizing behaviors, this effect did not affect interpretation of results. The possible effect of the mother's age on results was also controlled, but the mother's age did not explain the obtained differences as discussed above.
The positive context of twinship for the development of socioemotional behavior is much neglected in the literature. Twins, particularly male twins, were more popular among their classmates, and they interacted with other children more often than singletons even when nominations made by twins were excluded. Twinship provides opportunities for shaping, imitating, and practicing social skills. The results suggest that a twin relationship forms a positive developmental environment for socioemotional behavior, particularly in the opposite-sex twinship.
